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Abstract 15 
The Jurassic Shaximiao Formation on the eastern slope of western Sichuan depression in 16 
western Sichuan Basin of China develops a single or ove lapping channel sandstones with 17 
strong internal heterogeneity. This study aims to reveal the origin of the differences of 18 
physical properties within the sandstone reservoirs under different assemblies of lithofacies. 19 
Based on analysis of sedimentary structure and grain size, the lithofacies are classified into 20 
nine types. Based on the classification of lithofacies formed under different energy of 21 
sedimentary environment and mechanical differentiation, the effect of early compaction on 22 
physical properties of sandstone reservoirs is confirmed. It is suggested that the physical 23 
properties of lithofacies can be influenced by differential diagenesis in different lithofacies 24 
assemblies. The rate of early compaction depends on the grain sorting and compositional 25 
maturity. The massive bedded lithofacies are prone t  be of good grain sorting and high 26 
compositional maturity with relatively low compaction rate of 70.91% to 72.75%. There are 27 
relatively high porosities and permeabilities of sandstones in the lithofacies assembly 28 
containing massive bedded lithofacies. Because of the export of diagenetic fluid along the 29 
bedding plane of parallel bedded sandstones, there would be relatively intensive dissolution of 30 
sandstones developed with parallel bedded lithofacies. Even if the development of parallel 31 
bedded sandstones could enhance the dissolution, yet they are subjected to relatively strong 32 
compaction, leading to the low proportion of intergranular pores. The permeability of 33 
sandstones within the lithofacies assembly containing parallel bedded lithofacies seems to be 34 
low. The porosity and permeability of sandstones within the lithofacies assembly containing 35 
horizontal bedded lithofacies are both poorer than other assemblies, caused by strong 36 
compaction, cementation and weak dissolution. The dir ction of bedding, argillaceous 37 
contents, and the capacity of resistance to compaction are the key factors controlling the 38 
physical property of high-quality sandstone reservoirs. The research conclusions can be used 39 
to interpret the genesis of different physical properties of sandstone reservoirs in other similar 40 
gas fields.                                                                                                 41 
Keywords: Western Sichuan depression; Shaximiao Formation; Lithofacies assembly; 42 
Compaction; Differential diagenesis; Physical propeties 43 
 44 
1. Introduction  45 
Many natural gas reservoirs in China are sandstone res rvoirs with strong internal 46 
heterogeneity (Zhang et al., 2018; Wang et al., 2019). A great difference in physical properties 47 
can be found in a same set of sandstones (Bu, 2018; Wang et al., 2019). It is widely 48 
recognized that the physical properties of sandstone reservoirs are generally correlative with 49 
lithofacies types (Gould et al., 2012; Stroker et al., 2013; Burki and Darwish, 2017).  50 
Many research efforts have been invested in the past to tudy the lithofacies within 51 
sandstones (Yoshida, 2000; Miall, 2006; Turner and Tester, 2006; Okoro and Igwe, 2014). The 52 
studies regarding the effect of lithofacies on the porosity and permeability have been made 53 
great progress. Liu et al. (2016) proposed a new characterization method of permeability 54 
controlled by lithofacies. Several studies revealed that the reservoirs developing massive 55 
bedded medium-coarse grained sandstones have good physical properties even after deeply 56 
burial diagenesis (Taylor et al., 2010; Gao and Lin, 2012). However, the reservoirs developing 57 
parallel bedded medium-fine grained sandstones are prone to be of relatively poor physical 58 
properties (Taylor et al., 2010; Gao and Lin, 2012). Moreover, it is clarified that the porosity 59 
of massive bedded fine-silt grained sandstones is lower than that of cross bedded siltstones 60 
(Yin et al., 2016).    61 
The role of sedimentary structure within single lithofacies on physical property has been 62 
discussed in the last two decades. Several studies rev aled that grain sizes, grain sorting, and 63 
matrix contents of lithofacies are related to energy of sedimentary environment (Kathleen et 64 
al., 2010; Taylor et al., 2010; Zhang et al., 2014). The compaction of sandstones can be 65 
affected by grain sorting (Saïaga1 et al., 2016). A small amount of primary pores can be 66 
preserved after relatively weak compaction during burial diagenesis (Umar et al., 2011; 67 
Henares et al., 2014; Henares et al., 2016). Dixon et al. (1989) and Ozkan et al. (2011) 68 
revealed that there are different compaction and primary porosity in different lithofacies. The 69 
weak compaction of massive bedded medium-coarse grained sandstones is related to good 70 
grain sorting and high compositional maturity (Taylor et al., 2010; Saïaga1 et al., 2016), and 71 
some primary pores can be preserved. On the other hand, the compaction has a greatly impact 72 
on the flow of diagenetic fluid, which can influence the late burial diagenesis (Shanley, et al., 73 
2004; Marcussen et al., 2010). The rock fragments ad feldspar are prone to dissolve because 74 
of their reaction with diagenetic fluid during the late burial diagenesis (Higgs et al., 2007; Li 75 
et al., 2019). Moreover, the strength of cementation and the clay content would also be the 76 
important factors for porosity reduction (Nabawy and Barakat, 2017). However, the physical 77 
property of sandstones with same sedimentary structure and grain size in the different 78 
lithofacies assemblies has not been well understood, an  the change of flow rate of diagenetic 79 
fluid, compaction of sandstones in adjacent lithofacies would modify the diagenesis. 80 
This paper focuses on the differential diagenesis of original lithofacies within different 81 
lithofacies assembly from the Jurassic Shaximiao Formation in Zhongjiang and Gaomiaozi 82 
gas fields on the eastern slope of western Sichuan depression, China. In these gas fields, the 83 
high-yield areas are relatively scarce, and the production rates and the reserves of individual 84 
wells in the same set of sandbodies significantly vary. Each lithofacies has a particular gas 85 
production in these sandstone reservoirs (Bu, 2018; Liu et al., 2018). In this study, the grain 86 
sizes and grain sorting are used to reflect the sedimentary features of lithofacies. During 87 
burial diagenesis, the compaction rate and dissolution rate could be calculated to quantify the 88 
diagenetic change of sandstones within different lithofacies. The main factors control the 89 
sedimentary structure were discussed, including the energy of sedimentary environment, the 90 
distance of transportation and the erosion of sedimnts. The differential diagenesis of 91 
lithofacies assemblies was investigated to reveal the modification of original lithofacies 92 
during diagenesis.  93 
 94 
2. Geological setting  95 
Figure 1 shows that the location of the eastern slope of western Sichuan depression and 96 
the stratigraphic column of the Jurassic Shaximiao Formation (Liu et al., 2018). As can be 97 
seen in Figure 1a, the western Sichuan depression i located in the western part of Sichuan 98 
Basin of China, and surrounded by the east of the Longmen Mountain Thrust Belt and the 99 
west of the middle Sichuan uplift in Sichuan Basin (Guo et al., 2018; Liu et al., 2018). The 100 
western Sichuan depression underwent multi-stage tectonic movements from the Mesozoic. 101 
These tectonic movements include the Indosinian orogeny, the Yanshanian orogeny, and the 102 
Himalayan orogeny (Ratschbacher et al., 2003). The western Sichuan depression contains six 103 
tectonic zones. These tectonic zones include three inversion tectonic zones, two subsidence 104 
zones, and one slope zone as shown in Figure 1b. The study area is mainly located in the 105 
eastern slope zone. The tectonic subzones developed in the study area include Fenggu tectonic 106 
subzone, Hexingchang-Gaomiaozi tectonic subzone, Zhixinc ang-Shiquanchang tectonic 107 
subzone, and Zhongjiang-Huilong tectonic subzone as shown in Figure 1c. There are two gas 108 
fields located in the Gaomiaozi and the Zhongjiang area, with gas generation from the 109 
Jurassic Shaximiao Formation. There are multifarious morphologies of channels (i.e., straight 110 
channels and sinuous channels) with dispersing sandbodies developing in these gas fields 111 
(Figure 1c).    112 
The sequence stratigraphy of the Jurassic Shaximiao Formation in the study area is 113 
shown in Figure 1d. The sandstones of the Jurassic Shaximiao Formation on the eastern slope 114 
were deposited within the channel and bay mud between channels of a delta (Liu et al., 2018). 115 
The Upper Shaximiao Formation is composed of the rhythm layer alternated by sandstone and 116 
mudstone (Figure 1d). Tabular and trough cross bedding, parallel bedding, scouring structures, 117 
and lenticular conglomerate on the scouring surface of the sandstones can be observed in the 118 
Upper Shaximiao Formation (Lü et al., 2015). The Lower Shaximiao Formation consists of 119 
2-4 sets of superimposed gray to grayish-purple, thick-bedded, fine-medium grained 120 
subarkose, arkose, purple siltstone, and mudstone (Liu et al., 2018). Cross bedding are usually 121 
observed in the Lower Shaximiao Formation (Du et al., 2013; Liu et al., 2018). The 122 
sandstones of the Upper and the Lower Shaximiao Formation both develop the normal-graded 123 
bedding sequence (Lü et al., 2015; Liu et al., 2018).    124 
Moreover, the burial history of the Jurassic sequences was characterized by an initial 125 
period of moderate to rapid subsidence from the Early Jurassic to Late Jurassic, and the 126 
maximum burial depth of Jurassic strata is approximately 2600m (Lü et al., 2015). Then there 127 
was a period of slow subsidence from Late Jurassic to Eocene. The subsidence phase was 128 
followed by uplift and erosion of 1000–2000m of the s dimentary strata from Eocene to 129 
Neogene (Shen et al., 2011. Lü et al., 2015).   130 
 131 
3. Samples and methods  132 
This study was carried out based on the data collected from 28 wells in the Gaomiaozi 133 
and Zhongjiang areas as shown in Figure 1c. In this study, the testing information of samples 134 
(i.e., porosity and permeability, mercury injection, a d thin sections) was shown in Tables 1a, 135 
1b, 1c, 1d, and 1e.  136 
In this work, the characteristics of the cores from 28 drilling wells were described. The 137 
total length of these cores was roughly 509 m. There are two lithologies in these 28 cored 138 
wells, i.e., sandstones and mudstones. Four types of sedimentary bedding can be observed, i.e., 139 
massive bedding, tabular cross bedding, parallel bedding, and horizontal bedding. 140 
Schwarzacher (1953) suggested that the stratification of sedimentary bedding can be divided 141 
into three types based on their thickness, i.e., small-scale stratification (with a thickness 142 
smaller than 3 cm), medium-scale stratification (with a thickness of 3 cm to 10 cm), and 143 
large-scale stratification (with a thickness lager than 10 cm). On the basis of this criterion, the 144 
tabular cross bedding in the study area can be defined as large tabular cross bedding and small 145 
tabular cross bedding.  146 
The thin section identification of 65 samples from 10 cored wells shows that the main 147 
lithologies include medium-grained and fine-grained sandstones. Based on the data of 80 thin 148 
sections from those 10 wells (including the previous 65 samples), there are three types of 149 
components in sandstones observed in this study area. They are quartz with a roughly content 150 
of 51%, feldspar with a roughly content of 27%, and rock fragments with a roughly content of 151 
22%. There are five types of rock fragments, including metamorphic rock fragments, effusive 152 
rock fragments, flint rock fragments, mudstone rock fragments, and siltstone rock fragments. 153 
Furthermore, there is a relatively low content of cements in sandstones of the study area 154 
ranging from 1% to 5%. The cements are mainly composed of calcite and siliceous. The thin 155 
section identification was performed using the Axio Scope A1 pol polarizing microscope 156 
(Carl Zeiss, Germany).  157 
The grain sorting of sandstones can be quantitatively d scribed by the grain sorting 158 
coefficient, which could be calculated by Equation (1) (Visher, 1969; Scherer, 1987). In 159 
Equation (1), P25 and P75 refer to the particle diameter within the cumulative probabilities of 160 
25% and 75%, respectively, which can be obtained from the cumulative percentage curves of 161 
grain size of sandstones. The cumulative percentage curves of grain size of sandstones within 162 
different lithofacies were obtained by analyzing the particle sizes of 65 thin sections from 10 163 
cored wells.  164 
                                = /                               (1) 165 
where   is grain sorting coefficient; and   and   are particle diameter with the 166 
cumulative probabilities of 25% and 75%, respectively. 167 
The compositional maturity of sandstones could be quantitatively characterized by the 168 
content of each component (i.e., quartz, feldspar, and rock fragments) in sandstones as shown 169 
in Equation (2) (Taylor et al., 2010). In Equation (2), Q, F, and R refer to quartz, feldspar, and 170 
rock fragments, respectively. The contents of these components were counted point-by-point 171 
based on 80 thin sections from 10 cored wells.  172 
   = /( + )                           (2)  173 
where  is compositional maturity;  is quartz;  is feldspar; and  is rock fragments. 174 
The primary porosity is controlled by the grain sorting, and that of different lithofacies 175 
can be calculated by the grain sorting coefficient as given by Equation (3) (Beard and Weyl, 176 
1973; Scherer, 1987).  177 
                       ∅ = 20.91 + 22.90/ (R
2=0.965)                  (3) 178 
where  ∅ is primary porosity. 179 
The strength of compaction can be quantified by the compaction rate as shown in 180 
Equations (4) and (5) (Beard and Weyl, 1973; Houseknecht, 1987; Houseknecht, 1988). As 181 
shown in Equations (4) and (5), the intergranular volume after the compaction during burial 182 
diagenesis (Vinter) is equal to the sum of the volume of intergranular pores (Vi), the volume of 183 
cements (Vc), and the volume of matrix (Vm). These parameters were obtained using an image 184 
analysis system based on 80 thin sections from 10 cored wells.  185 
  =
(∅ !"#$%&)
∅
× 100%                     (4) 186 
                            )*+ = )* + ), + )                       (5) 187 
where  is compaction rate; )*+  is the intergranular volume after the compaction 188 
during burial diagenesis; )* is the volume of intergranular pores; ), is the volume of cements; 189 
and ) is the volume of matrix. 190 
The strength of dissolution can be quantified by the dissolution rate as shown in Equation 191 
(6) (Houseknecht, 1987; Ehrenberg, 1989). As shown in Equation (6), the porosity of 192 
dissolved pores (Dpore) was calculated based on 80 thin sections from 10 cored wells. The 193 
primary pores and dissolved pores can be distinguished under polarizing microscope. 194 
Residual dissolved minerals could be found in the int rgranular dissolved pores, and there is 195 
various irregular pore morphologies in intragranular dissolved pores. However, the primary 196 
pores with regular pore morphology have no residual issolved minerals. 197 
                               - = -.//∅                         (6)   198 
where - is dissolution rate; and -./ is the porosity of dissolved pores.  199 
The porosity and permeability of samples were measur d by gas flow method (Ling et al., 200 
2013; Li et al., 2019). The porosity was measured using the ULTRAPORE-300 201 
helium-porosity automatic measuring instrument (Core Lab, USA), while the permeability 202 
was measured using the DP-DYX-6G gas permeability measuring instrument (i.e., gas 203 
permeameter) (Beijing Yaou Depeng Technology Company, China). The porosity of samples 204 
from 26 cored wells was measured, while the permeability of samples from 23 cored wells 205 
was measured.  206 
The mercury injection experiments were conducted on 88 sandstone samples from 13 207 
cored wells to determine their pore-throat radius. Capillary injection curves of 8 samples were 208 
drawn based on the data obtained by mercury injection experiments. The mercury injection 209 
experiments were conducted using the ASPE730 automated system for pore examination 210 
(Coretest, USA). The maximum value of the mercury pressure is 220MPa.        211 
 212 
4. Results  213 
4.1. Types of lithofacies and lithofacies assembly  214 
An individual lithofacies is considered to be a rock unit defined on the basis of its 215 
distinctive lithological features, including mineral composition, grain size, bedding 216 
characteristics, and sedimentary structures (Vaziri, 2011; Menkem, et al., 2013). In this study, 217 
the types of lithofacies are identified based on the bedding structure (Figure 2) and grain size. 218 
In the study area, there are nine types of lithofacies including: (1) large tabular cross bedded 219 
medium-grained sandstone (Sltm), (2) small tabular cross bedded medium-grained sandstone 220 
(Sstm), (3) large tabular cross bedded fine-grained sandto e (Sltf), (4) small tabular cross 221 
bedded fine-grained sandstone (Sstf), (5) massive bedded medium-grained sandstone (Smm), (6) 222 
massive bedded fine-grained sandstone (Smf), (7) parallel bedded medium-grained sandstone 223 
(Spm), (8) parallel bedded fine-grained sandstone (Spf), and (9) horizontal bedded fine-grained 224 
sandstone (Shf).  225 
There is more than one lithofacies developed in an individual sandbody vertically. Based 226 
on the statistics of the vertically co-developed lithofacies in an individual sandbody, there are 227 
ten types of lithofacies assembly developing in the study area, including Smm + Spm (Type #1), 228 
Smm + Smf (Type #2), Sltm + Smm (Type #3), Sstm + Smm (Type #4), Sstm + Spm (Type #5), Sstm + 229 
Spf (Type #6), Smm + Spf (Type #7), Sltm + Sstf (Type #8), Sltf + Sstf (Type #9), and Spf + Shf + 230 
Smf (Type #10). Based on the similar sedimentary bedding assemblies of each lithofacies 231 
assemblies, these lithofacies assemblies were further concluded into four types of coexisting 232 
lithofacies, including (a) massive bedded lithofacies + parallel bedded lithofacies, (b) massive 233 
bedded lithofacies + tabular cross bedded lithofacies, (c) tabular cross bedded lithofacies + 234 
parallel bedded lithofacies, and (d) massive bedded lithofacies +horizontal bedded lithofacies 235 
+parallel bedded lithofacies. 236 
 237 
4.2. Compaction rate and dissolution rate of different lithofacies  238 
The compaction rates and dissolution rates of different lithofacies are shown in Table 2. 239 
There are low compaction rate (with a range of 72.13% to 72.28%) and high dissolution rate 240 
(with a range of 8.36% to 16.63%) in massive bedded m ium-fine grained sandstones. The 241 
large/small tabular cross bedded medium-fine grained sandstones have relatively high 242 
compaction rate (ranging from 74.58% to 83.01%) and relatively low dissolution rate (ranging 243 
from 8.50% to 11.30%). The parallel bedded medium-fine grained sandstones and horizontal 244 
bedded fine-grained sandstones have high compaction rate (ranging from 82.67% to 88.31%) 245 
and low dissolution rate (ranging from 5.75% to 5.84%).  246 
 247 
4.3. Pore structure of different lithofacies  248 
The pore structures (i.e., pore diameter and pore-throa  radius) of massive bedded 249 
lithofacies and large/small tabular cross bedded lithofacies are better than those of parallel 250 
bedded lithofacies and horizontal bedded lithofacies (Figures 3, 4, and 5).      251 
Figure 3 indicates that capillary injection curves of different lithofacies in terms of the 252 
cross-plot of the applied mercury pressure versus the incremental mercury saturation. As 253 
shown in Figure 3, the capillary pressure curves of different lithofacies are significantly 254 
different. The results show that the pore sorting of massive bedded sandstones and large/small 255 
tabular cross bedded sandstones with larger pore radius is better than that of parallel bedded 256 
sandstones and horizontal bedded sandstones (Figure 3). On the other hand, the pore radius of 257 
medium-grained lithofacies with better pore sorting is larger than that of fine-grained 258 
lithofacies (Figure 3).  259 
Figure 4a shows the pore diameters of different lithofacies, and Figures 4b, 4c, and 4d 260 
show the cross-plot of median pore-throat radii and pore sorting coefficients of different 261 
lithofacies. As shown in Figure 4a, there is a large pore diameter (roughly 177.2 μm) of 262 
massive bedded medium-fine grained sandstones. The pore diameter of large tabular cross 263 
bedded medium-fine grained sandstones is roughly 140μm. However, the small tabular cross 264 
bedded medium-fine grained sandstones and parallel bedded medium-fine grained sandstones 265 
have relatively small pore diameters, whose the por diameters are roughly 72.6 μm and 68.3 266 
μm, respectively. It can be seen from Figures 4b, 4c, and 4d that the median pore-throat radius 267 
of medium-grained lithofacies is larger than that of fine-grained lithofacies. In general, the 268 
median pore-throat radii of massive bedded medium-fine grained sandstones and large/small 269 
tabular cross bedded medium-fine grained sandstones ar  relatively larger than those of 270 
parallel bedded medium-fine grained sandstones and horizontal bedded fine-grained 271 
sandstones (Figures 4b, 4c, and 4d). As can be seen in (Figures 4b, 4c, and 4d), the median 272 
pore-throat radii of massive bedded medium-fine grained sandstones, large tabular cross 273 
bedded medium-fine grained sandstones, and small tabular cross bedded medium-fine grained 274 
sandstones are roughly 0.077 μm, 0.154 μm, and 0.111 μm, respectively. However, the median 275 
pore-throat radii of parallel bedded medium-fine grained sandstones and horizontal bedded 276 
fine-grained sandstones are roughly 0.069 μm and 0.035 μm, respectively.      277 
 278 
4.4. Physical properties of different lithofacies 279 
Physical properties of massive bedded lithofacies and l rge/small tabular cross bedded 280 
lithofacies are better than those of parallel bedded lithofacies and horizontal bedded 281 
lithofacies (Figures 6 and 7). 282 
Figure 6 shows the statistics on physical properties of nine types of lithofacies. The 283 
average porosity of Smm, Sltm, and Sstm is 10.4%, 11.1%, and 8.4%, respectively (Figure 6a).284 
The average permeability of these three types of lithofacies is 1.21 mD, 1.13 mD, and 0.73 285 
mD (Figure 6b), respectively. Physical properties of these three types of lithofacies are best 286 
within all the lithofacies. Spm, Spf, Smf, Sstf, and Sltf have good physical properties, with 287 
average porosity of 9.3%, 8.1%, 8.4%, 7.5%, and 6.8%, respectively (Figure 6a), and average 288 
permeability of 0.34 mD, 0.18 mD, 0.43 mD, 0.22 mD, and 0.17 mD, respectively (Figure 6b). 289 
Shf has an average porosity of 5.9% (Figure 6a) and an average permeability of 0.1 mD 290 
(Figure 6b).   291 
Figures 7a and 7b show the statistics on physical properties of different lithofacies types 292 
within medium-grained sandstones and fine-grained sand tones, respectively. As shown in 293 
Figures 7a and 7b, the porosity and permeability of lithofacies within medium-grained 294 
sandstones rank from largest to smallest as follows: Smm, Sltm, Sstm, and Spm (Figure 7a); while 295 
for fine-grained sandstones, the order of porosity and permeability from largest to smallest is 296 
Smf, Sltf, Sstf, Spf, and Shf (Figure 7b). Figures 7c, 7d, 7e, and 7f indicate that he porosity and 297 
permeability of medium-grained lithofacies are better han those of fine-grained lithofacies.  298 
 299 
5. Discussions         300 
5.1. Energy of sedimentary environment and mechanical differentiation controls the formation 301 
of different lithofacies  302 
The relationship among energy of sedimentary enviroment, bedform, and sedimentary 303 
bedding is shown in Figure 8. The recursive sequence of bedform can be present as follows 304 
with an increasing current velocity when the grain s ze and the depth of sediments are 305 
constant: lower plane bed or no movement, sand ripple, sand dune with sand ripple, sand dune, 306 
upper plane bed, and antidune (Gilbert, 1914; Simons et al., 1965; Allen, 1968). Horizontal 307 
bedding, small tabular cross bedding, and large tabular cross bedding occur in transquil flow 308 
condition (i.e., Froude number (Fr) <1) (Simons et al., 1965). Horizontal bedding can form 309 
when the bottom of bed is smooth and no sediments laterally move with weakest energy of 310 
sedimentary environment. The horizontal bedding frequently occurs in argillaceous sediments 311 
(Okoro and Igwe, 2014). The small tabular cross bedding can form resulting from the 312 
movement of sand ripples with the parallel crest line under relatively strong energy of 313 
sedimentary environment. The large tabular cross bedding can form resulting from the 314 
movement of sand dune with sand ripples and sand due with the parallel crest line under 315 
strong energy of sedimentary environment (Bell, 1991). No undulation can be present in the 316 
bottom of bed when the current velocity reaches the certain limit in rapid flow condition (i.e., 317 
Froude number (Fr) >1) (Simons et al., 1965; Belderson and Johnson, 1982). The upper plane 318 
bed can remain in stratigraphic records called parallel bedding under very strong energy of 319 
sedimentary environment (Simons et al., 1965).  320 
Based on statistics of different lithofacies develop d in channels with different sinuosity 321 
index in the study area, in general, tabular cross bedded lithofacies and massive bedded 322 
lithofacies developed in sinuous channels; while parallel bedded lithofacies and horizontal 323 
bedded lithofacies developed in straight channels. The slope of straight channels is larger than 324 
that of sinuous channels, and the vertical stratific tion of flow in straight channels is greater 325 
than that in sinuous channels, resulting in the high deposition rates in straight channels 326 
(Figure 9) (Kneller, 2003; Timár, 2003; Strauba et al., 2011). The relatively weak mechanical 327 
differentiation of sediments in straight channels will lead to the weak erosion caused by short 328 
distance of sediment transportation and deposition relatively close to the provenance of 329 
sedimentation (Strauba et al., 2011). Therefore, th sediments in straight channels would be 330 
prone to be of relatively poor grain sorting. The lateral accretion is prone to occur in sinuous 331 
channels (Timár, 2003; Strauba et al., 2011). The strong mechanical differentiation of 332 
sediments in sinuous channels could induce a strong erosion related to the relatively complex 333 
and long distance of sediment transportation (Strauba et al., 2011), resulting in good grain 334 
sorting of sediments.  335 
The characteristics of bedding and sedimentary structu es caused by mechanical 336 
transportation are difficult to record in massive bdded sandstones as the entire unit is 337 
massive in nature (Srivastava and Mankar, 2015). The massive bedded sandstone represents a 338 
product of grain flows and high-density turbidity flows (Maill, 2000; Okoro and Igwe, 2014). 339 
The interpretation of Bouma sequences (Slatt et al., 1997) genesis has been heavily reported, 340 
and the findings also revealed that massive bedding could form caused by the deposits of 341 
high-density turbidity current (Middleton, 1967; Mutti and Lucchi, 1978; Lowe, 1982). The 342 
massive bedded sandstone is characterized by the rapid accumulation of sediments and it is a 343 
product of gravity current, resulting from the vertical aggradation of sediments (Vaziri, 2011; 344 
Menkem et al., 2013).      345 
It is commonly believed that the grain size can reflect the energy of sedimentary 346 
environment (Slattery and Burt, 1997; Phillips and Walling, 1999; Zhang et al., 2014). The 347 
movement of sediments is mainly affected by the traction and gravity. The depositional 348 
velocity of particles in stagnant water is shown in Equation (7) (Slattery and Burt, 1997). 349 
Figure 10 shows the relationship between energy of sedimentary environment and grain size. 350 
As shown in Equation (7) and Figure 10a, the depositional velocity of medium-grained 351 
particles is larger than that of fine-grained particles. The particles can be transported when the 352 
current velocity is large enough and the traction is larger than the gravity as shown in Figure 353 
10a. Equation (8) shows the relationship among Froude number, water depth, and current 354 
velocity. The Froude number increases with an increasing current velocity when the water 355 
depth is constant. As shown in Figure 10b, a positive correlation could be found between 356 
current velocity and grain size (Hjulstrom, 1939; Sundbory, 1956). As a consequence, there is 357 
a positive correlation between Froude number and grain size. The strength of energy of 358 
sedimentary environment could be quantitatively reflected by the Froude number. The larger 359 
the Froude number is, the stronger the energy of sedimentary environment is.     360 
                       u = 1
12
(ρ4 − ρ6) × g × d/η                         (7)            361 
                          Fr = v ;h ∙ g⁄                                (8)              362 
where u is depositional velocity of particles; ρ4 is the density of particles; ρ6 is the density 363 
of current; ηis the viscosity of current; g is gravity acceleration; d is the diameter of 364 
particles; Fr is Froude number; v is current velocity; h is water depth; and g is gravity 365 
acceleration.        366 
As discussed above, under the strong energy of sedimentary environment, the grain size 367 
of particles is prone to be coarse. As shown in Figures 10c and 10d, under the strong energy 368 
of sedimentary environment, the grain size of the large tabular cross bedded sandstone from 369 
the well J14 is coarse-grained, with the median grain diameter of roughly 0.65 mm. In 370 
contrast, as can be seen in Figures 10e and 10f, under the weak energy of sedimentary 371 
environment, the grain size of the horizontal bedded sandstone from the well G2 is 372 
fine-grained, with the median grain diameter of roughly 0.245 mm. 373 
 374 
5.2. The effect of grain sorting on early compaction    375 
The relationship among the grain sorting coefficient, compaction rate, and median grain 376 
size of different lithofacies is shown in Figure 11. Based on the calculation and analysis, the 377 
grain sorting coefficient of sandstones has a correlation with compaction rate as shown in 378 
Figure 11a, implying that the grain sorting can influence the compaction of sandstones during 379 
burial diagenesis. The compaction becomes stronger with gradually poorer grain sorting. The 380 
grain sorting of medium-grained lithofacies is better than that of fine-grained lithofacies as 381 
shown in Figure 11b, while the compaction of fine-grained lithofacies is stronger than that of 382 
medium-grained lithofacies (Table 2). Through the observation of thin sections, the particles 383 
are more closely arranged in fine-grained lithofacies (Figures 5a, 5b, 5c, and 5d; Figures 5e, 384 
5f, 5g, and 5h). In contrast, the particles are loosely arranged in massive bedded medium-fine 385 
grained sandstones (Figures 5a and 5e), and numerous p imary pores are preserved (Table 2).  386 
There is a relationship between grain sorting of sand tones and the median grain size of 387 
particles as shown in Figure 11b. The particles with d fferent grain sizes can be transported by 388 
the traction in terms of different transportation ways (i.e., scrolling, leaping, and suspension) 389 
under the same energy of sedimentary environment (Moss et al., 1979; Asadi et al., 2011). 390 
The coarse clastic materials (i.e., gravel and coarse-g ained particle) are transported by the 391 
traction in terms of scrolling; the medium-fine grained particles are transported by the traction 392 
in terms of leaping; and such silt particles are transported by the traction in terms of 393 
suspension (Everts, 1973). Among them, sandstones tran ported by leaping have good grain 394 
sorting under relatively strong energy of sedimentary environment, whilst sandstones 395 
transported by suspension have poor grain sorting uder weak energy of sedimentary 396 
environment (Everts, 1973). Therefore, the differences of grain sorting could be caused by 397 
different transportation ways of particles (Everts, 1973; Allen, 1982).  398 
On the other hand, long transportation distance and strong erosion of sediments during 399 
the process of transportation would lead to strong mechanical differentiation, resulting in 400 
good grain sorting of sediments (Kathleen et al., 2010). As the product of mechanical 401 
differentiation during this process, the grain sorting of different lithofacies will be distinctive. 402 
The grain sorting of massive bedded sandstones and tabular cross bedded sandstones is better 403 
than that of parallel bedded sandstones and horizontal bedded sandstones, resulting from the 404 
strength of mechanical differentiation, as discussed in section 5.1.     405 
As a result, the compaction of different lithofacies could depend on the grain sorting 406 
during the burial process (Table 2 and Figure 11a). The compaction rate of massive bedded 407 
medium-fine grained sandstones is relatively low, with the best grain sorting among all 408 
lithofacies (Table 2 and Figure 11b). The tabular cross bedded medium-fine grained 409 
sandstones have the moderate compaction rate with the moderate grain sorting (Table 2 and 410 
Figure 11b). The grain sorting of parallel bedded medium-fine grained sandstones and 411 
horizontal bedded fine-grained sandstones are poorest within all lithofacies (Figure 11b). 412 
Figures 5d and 5h show that particles are closely arranged in these two types of lithofacies 413 
with a strong compaction (Table 2).  414 
Except for the grain sorting, particles can also be arranged with the orientation and 415 
stratiform in parallel bedded sandstones and horizontal bedded sandstones because of 416 
sedimentary differentiation (Asadi et al., 2011). However, particles of tabular cross bedded 417 
sandstones and massive bedded sandstones can be arranged with no orientation and 418 
stratiform.  419 
 420 
5.3. The effect of compositional maturity of particles and early compaction on dissolution  421 
The pore evolution of different lithofacies would be different, resulting from the 422 
dissolution, cementation, and compaction during theburial diagenesis. Among those 423 
diagenetic changes, the dissolution, which has a positive contribution to the secondary 424 
porosity, is a most important factor influencing the physical properties of sandstones. 425 
Furthermore, there is no correlation between the volume of cements and the volume of pores 426 
as shown in Table 2, thus, the effect of cements on the porosity reduction has been out of 427 
consideration in this study. 428 
The compositional maturity of particles is equal to the content of quartz divided by the 429 
sum of the content of unstable components (i.e., feldspar and rock fragments) as shown in 430 
Equation (2). The compositional maturity of sandstones could be influenced by weathering 431 
and erosion of sediments during the process of transportation and sedimentation (Carroll and 432 
Bohacs, 1999; Ketzer et al., 2003; Liu et al., 2005; Kathleen et al., 2010). The original 433 
compositional maturity of different lithofacies were calculated after the unstable components 434 
affected by the weathering before the beginning of transport. The unstable components could 435 
decompose by the weathering during the transportatin of sediments (Taylor et al., 2000; 436 
Salem et al., 2005; Mansurbeg et al., 2006). As a result, in the massive bedded medium-fine 437 
grained sandstones and large/small tabular cross bedded medium-fine grained sandstones, 438 
most of the unstable components (i.e., feldspar + rock fragments) would decompose resulting 439 
from the strong weathering and intensive erosion of sediments. 440 
The dissolution rate is equal to the dissolved porosity divided by the primary porosity as 441 
shown in Equation (6). In this study, the data used to conduct the correlation analysis among 442 
compositional maturity of particles, early compaction, and dissolution were on the basis of the 443 
average values of each parameters of nine types of lith facies as shown in Table 2. 444 
As can be seen from Figure 12, the results show that the dissolution rate has a positive 445 
relationship with the compositional maturity of sandstones (Figure 12a), and a negative 446 
relationship with the compaction rate (Figure 12b). The compaction has a greatly impact on 447 
the flow of diagenetic fluid (Shanley, et al., 2004; Marcussen et al., 2010), leading to the 448 
different degree of dissolution. However, the compositi nal maturity of sandstones could 449 
influence the compaction, resulting from the different content of plastic particles related to the 450 
compositional maturity. The compositional maturity of lithofacies in the study area is 451 
distinctive, as shown in Figure 13.  452 
As a result, there is a relatively high compositional maturity of massive bedded 453 
medium-fine grained sandstones with weak early compaction and strong dissolution (Table 2). 454 
The compositional maturity of large/small tabular cross bedded medium-fine grained 455 
sandstones, which has relatively weak early compaction and dissolution (Table 2), is lower 456 
than that of massive bedded medium-fine grained sansto e (Figure 13). The compositional 457 
maturity of parallel bedded medium-fine grained sandstones and horizontal bedded 458 
fine-grained sandstones is the lowest among all the it ofacies as shown in Figure 13, while 459 
these two lithofacies have relatively weak dissoluti n and strong early compaction (Table 2).  460 
 461 
5.4. The differential diagenesis of original lithofacies within different lithofacies assemblies    462 
Although the compaction and dissolution of single lithofacies was controlled by grain 463 
sorting and compositional maturity, there were different diagenesis features of lithofacies 464 
assemblies. The compaction of massive bedded and tabular cross bedded medium-fine grained 465 
sandstones is lowest within all lithofacies, as a result, the porosities and permeabilities of 466 
sandstones developed with massive bedded and tabular cross bedded medium-fine grained 467 
sandstones are highest among whole lithofacies assemblies (Figures 14a, 14b, 14c, 14d, and 468 
14e). There are large coefficient of skewness and me ian pore-throat radius of sandstones 469 
within the lithofacies assembly with massive bedded lithofacies as shown in Figures 14f. 470 
Dissolution of sandstones with same sedimentary structu e in different lithofacies 471 
assemblies significantly vary. As shown in Figure 15a, the dissolution rates of massive bedded 472 
sandstone are distinct in the case of massive bedded sandstones developed with different 473 
lithofacies. It seems that the development of parallel bedded lithofacies is beneficial for the 474 
dissolution rate of sandstones (Figure 15a), implying that the direction of bedding might have 475 
influenced the dissolution. The migration of diagenetic fluid along the bedding plane could 476 
result in the export of dissolved material, leading to there was a great number of new 477 
dissolved pores generated (c.f. Shanley, et al., 2004; Marcussen et al., 2010; Yuan et al., 2015). 478 
In contrast, the retention of dissolved material could precipitate again as by-products, e.g. 479 
quartz and clay minerals. After the relatively strong dissolution, the compositional maturities 480 
of the tabular cross bedded medium-grained sandstone  developed with parallel bedded 481 
sandstones are higher than that developed with massive andstones (Figure 15b). As the 482 
evidence from the thin sections, Figures 5i and 5j show the different dissolution rate in the 483 
tabular cross bedded medium-grained sandstones develop d with massive bedded sandstones 484 
and parallel bedded sandstones. Although the total numbers of pores in these two samples are 485 
similar, the dissolved pores dominated in the assembly of tabular cross bedded 486 
medium-grained sandstones and parallel bedded sandstones, while few intergranular pores 487 
developed in this assembly resulting from the slightly stronger compaction. Therefore, the 488 
development of parallel bedded sandstones could promote compaction, even though the 489 
dissolution was enhanced. It indicates that the dissolved materials have been carried off with 490 
the compaction. As a result, the porosities of tabul r cross bedded medium-grained sandstones 491 
in the two different lithofacies assembly are almost similar, the permeabilities of tabular cross 492 
bedded medium-grained sandstones developed with parallel bedded sandstones are lower than 493 
that developed with massive bedded sandstones, caused by the dominated dissolved pores 494 
with poor pore connectivity. Meanwhile, there are low coefficient of skewness and median 495 
pore-throat radius of sandstones within the lithofacies assembly of tabular cross bedded 496 
medium-grained sandstones and parallel bedded sandstones, resulting from the mean size of 497 
dissolved pores is relatively small comparing with intragranular pores (Figures 14f).  498 
The compaction of horizontal bedded fine-grained sand tones was strongest within 499 
whole lithofacies. As a consequence, the lithofacies adjacent to horizontal bedded fine-grained 500 
sandstones are subjected to relatively strong compaction (Figure 15c). The parallel bedded 501 
fine-grained sandstones developed with horizontal bedded fine-grained sandstones have lower 502 
porosities and permeabilities than that developed with massive bedded sandstones and tabular 503 
cross bedded sandstones (Figure 14e). The strong compaction without relatively intensive 504 
dissolution occurs in the parallel bedded fine-grained sandstones developed with horizontal 505 
bedded fine-grained sandstones. Due to the thin-bedded argillaceous occurred in the 506 
horizontal bedded fine-grained sandstones, the calcium and silicon released by clay mineral 507 
diagenesis will result in the precipitation of calcite and quartz in the void spaces of adjacent 508 
sandstones (c.f. Mohamand and Peter, 1997; Samakinde et al., 2016; Jiu et al., 2018). It is 509 
suggested that the strong compaction of horizontal bedded fine-grained sandstones would 510 
result in the diagenetic fluid containing sufficient calcium and silicon charge into the adjacent 511 
parallel bedded fine-grained sandstones, and then the cementation was enhanced. As show in 512 
Figure 5l, these cements were observed in the parallel bedded fine-grained sandstones.  513 
The differential diagenesis of lithofacies assemblies have an important influence on the 514 
pore number and physical properties of sandstones. Due to the relatively weak compaction, 515 
the assembly of massive bedded and tabular cross bedded lithofacies has the best physical 516 
properties, with porosity of 8.01-12.37% and permeability of 0.25-1.98 mD (Figure 16). The 517 
assemblies of massive bedded and parallel bedded lithofacies, tabular cross bedded and 518 
parallel bedded lithofacies have moderate physical properties, with porosity of 6.57-12.62% 519 
and permeability of 0.02-0.29 mD (Figure 16), resulting from the relatively strong 520 
compaction and relatively strong dissolution. There a  strong compaction, cementation and 521 
weak dissolution of sandstones within the lithofacies assembly containing horizontal bedded 522 
lithofacies, leading to the poorest physical properties (porosity of 3.30-9.98%, permeability of 523 
0.05-0.17 mD) (Figures 16).   524 
    There are also some studies have revealed the difference of physical properties in 525 
sandstone reservoirs based on sedimentary facies and di genetic facies in individual fields or 526 
layers (Kalefa et al., 2006; Zou et al., 2008; Kalefa et al., 2009; Gao and Lin, 2012; Lai et al., 527 
2016). However, less research efforts have invested to regard the lithofacies assembly as a 528 
diagenetic system. In this study, through the analysis of sedimentation and diagenesis of the 529 
lithofacies assemblies, the differential diagenesis controls on the physical properties of 530 
lithofacies in sandstone reservoirs was revealed to conclude as a schematic diagram in Figure 531 
16. The results could interpret the differences of the physical properties of sandstone 532 
reservoirs in other similar gas fields.  533 
 534 
6.  Conclusions  535 
(1) There are nine types of lithofacies in the Jurassic Shaximiao Formation. The physical 536 
properties and pore structures of these types of lithofacies rank from good to poor as follows: 537 
massive bedded lithofacies, tabular cross bedded lithofacies, parallel bedded lithofacies, and 538 
horizontal bedded lithofacies. The formation of lithofacies with different physical properties is 539 
controlled by the energy of sedimentary environment and mechanical differentiation, resulting 540 
in different grain sorting and compositional maturity of lithofacies. Under good grain sorting 541 
and high compositional maturity, the early compaction becomes relatively weak, resulting in a 542 
lot of primary pores preserved.  543 
(2) The differential diagenesis of lithofacies assemblies controls on the physical 544 
properties of lithofacies. Strong capacity of resistance to compaction leads to the high 545 
porosity and permeability of sandstones developed with massive bedded lithofacies. The 546 
direction of bedding could influence the degree of dissolution. The flow of diagenetic fluid 547 
along the bedding plane of parallel bedded lithofacies resulted in relatively intensive 548 
dissolution, with high proportion of dissolved pores of sandstones and low permeability. 549 
However, resulting from the strong compaction, cementation and weak dissolution, the 550 
sandstones developed with horizontal bedded lithofacies containing thin-bedded argillaceous 551 
have lowest porosity and permeability.  552 
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FIGURES CAPTIONS 771 
Figure 1 The location of the eastern slope of western Sichuan depression and the stratigraphic 772 
column of the Jurassic Shaximiao Formation (Liu et al., 2018): (a) The location of the western 773 
Sichuan depression in Sichuan Basin; (b) The map show  that six tectonic zones of the 774 
western Sichuan depression and tectonic subzones develop d in the study area; (c) The 775 
locations of 28 cored wells; and (d) The stratigraphic column of the Jurassic Shaximiao 776 
Formation in the study area. The Upper Shaximiao Formation is divided into Js1 and Js2, and 777 
the Lower Shaximiao Formation is named by Js3.There are straight channels and sinuous 778 
channels with the dispersing sandbodies developing in the study area as shown in Figure1c, 779 
and the channels shown in this figure developed in Js1
4 sand group and Js3
3-2 sand group of  780 
the study area.  781 
Figure 2 Photos of sandstones with different sedimentary bedding: (a) Well J12, depth: 782 
2665.55-2665.85m, massive bedding; (b) Well G14, depth: 2818.24-2818.56m, tabular cross 783 
bedding; (c) Well G11, depth: 2773.22-2773.62m, parallel bedding; and (d) Well G2, depth: 784 
2582.68-2582.83, horizontal bedding.  785 
Figure 3 The Cross-plot of the applied mercury pressure versus the incremental mercury 786 
saturation indicating capillary injection curves of di ferent lithofacies: (a) Capillary injection 787 
curves of massive bedded sandstones; (b) Capillary njection curves of large tabular cross 788 
bedded sandstones; (c) Capillary injection curves of mall tabular cross bedded sandstones; 789 
and (d) Capillary injection curves of parallel bedd sandstones and horizontal bedded 790 
sandstones. P-applied mercury pressure; S-incremental mercury saturation; N-total number of 791 
samples. The data of capillary injection curves of dif erent lithofacies obtained from 8 792 
samples of 7 cored wells in total. 793 
Figure 4 Statistics on the pore diameter of different lithofacies types and r50-Sp cross-plots of 794 
the different grain size of sandstones with the same bedding: (a) Statistics on the pore 795 
diameter of different lithofacies; (b)-(d) r50-Sp cross-plots of different grain size of 796 
sandstones with the same bedding, (b) Large/small tabular cross bedded sandstones, (c) 797 
Massive bedded sandstones, and (d) Parallel bedded san stones and horizontal bedded 798 
sandstones. r50-median pore-throat radius. Sp-pore sorting coefficient. The red circle refers to 799 
the medium-grained lithofacies, and the yellow circle refers to the fine-grained lithofacies. 800 
N-total number of samples. The data of pore diameter of different lithofacies (i.e., max, min, 801 
and average values of pore diameter of each lithofacies) obtained from 42 samples in Figure 802 
4a.  803 
Figure 5 Thin section photos show pore structure of different lithofacies types: (a) Well J14, 804 
depth: 2606.585m, massive bedded medium-grained sandstone, total number of pores-708; (b) 805 
Well J11, 2656.77m, large tabular cross bedded medium-grained sandstone, total number of 806 
pores-783; (c) Well J14, 2595.745m, small tabular cross bedded medium-grained sandstone, 807 
total number of pores-532; (d) Well G11, 2768.17m, parallel bedded medium-grained 808 
sandstone, total number of pores-231; (e) Well J14,2608.935m, massive bedded fine-grained 809 
sandstone, total number of pores-362; (f) Well G9, 2848.35-2848.38m, large tabular cross 810 
bedded fine-grained sandstone, total number of pores-95; (g) Well J11, 2649.64m, small 811 
tabular cross bedded fine-grained sandstone, total number of pores-306; and (h) Well G1, 812 
3170.9 -3170.93m, parallel bedded fine-grained sandto e, no pores. (i) Well J11, 2654.16mm, 813 
tabular cross bedded medium-grained sandstone in the lithofacies assembly with massive 814 
bedded lithofacies, total number of pores-609, the pore type is composed of intergranular 815 
pores, good pore connectivity can be seen in this figure; (j) Well J11, 2654.99 mm, tabular 816 
cross bedded medium-grained sandstone in the lithofacies assembly with parallel bedded 817 
lithofacies, total number of pores-604, the pore type is composed of intergranular dissolved 818 
pores, poor pore connectivity can be seen in this figure; (k) Well J14, 2608.065 mm, parallel 819 
bedded fine-grained sandstone in the assembly of massive bedded lithofacies + parallel 820 
bedded lithofacies, total number of pores-294, the pore type is composed of intergranular 821 
dissolved pores and intergranular dissolved pores, poor pore connectivity can be seen in this 822 
figure; (l) Well J14, 2608.485 mm, parallel bedded fine-grained sandstone in the assembly of 823 
massive bedded lithofacies + parallel bedded lithofacies +horizontal bedded lithofacies, a few 824 
of pores and poor pore connectivity can be seen in this figure. Red arrow refers to the 825 
intergranular pores, intergranular dissolved pores, and intragranular dissolved pores. The total 826 
number of pores obtained from the point counting of the digital images of thin sections with 827 
the software Jmicrovision.  828 
Figure 6 Statistics on physical properties of different lithofacies types: (a) The max porosity, 829 
min porosity, and average porosity of nine types of lithofacies; and (b) The max permeability, 830 
min permeability, and average permeability of nine types of lithofacies. N-total number of 831 
samples. The data of porosity of different lithofaices (i.e., max, min, and average values of 832 
porosity of each lithofacies) obtained from 82 samples in Figure 6a. The data of permeability 833 
of different lithofacies (i.e., max, min, and average values of permeability of each lithofacies) 834 
obtained from 73 samples in Figure 6b.  835 
Figure 7 Statistics on physical properties of different lithofacies types within medium-grained 836 
sandstones and fine-grained sandstones and statistics on physical properties of sandstones 837 
with different grain size and the same bedding: (a)-(b) Statistics on physical properties of 838 
different lithofacies types within medium-grained sandstones and fine-grained sandstones, (a) 839 
Medium-grained sandstones, (b) Fine-grained sandstoe ; (c)-(f) Statistics on physical 840 
properties of sandstones with different grain size and the same bedding, (c) Large tabular 841 
cross bedding, (d) Small tabular cross bedding, (e) Massive bedding, (f) Parallel bedding and 842 
horizontal bedding. N-total number of samples. 843 
Figure 8 The schematic diagram of a relationship among energy of sedimentary environment, 844 
bedform, and bedding (Harms and Fahnestoek, 1965; Simons et al., 1965). 845 
Figure 9 The relationship between channel sinuosity and slope (Kneller, 2003). Note: β-The 846 
angle of slope, β1>β2.  847 
Figure 10 The schematic diagram of a relationship between energy of sedimentary 848 
environment and grain size: (a) A relationship between grain size and current velocity during 849 
the deposition, transportation, and erosion; (b) A relationship between grain size and current 850 
velocity; (c) Well J14, the cumulative percentage curve of grain size of sandstones; (d) Well 851 
J14, the logging column; (e) Well G2, the cumulative percentage curve of grain size of 852 
sandstones; and (f) Well G2, the logging column.  853 
Figure 11 The relationship between grain sorting coefficient a d D50, compaction rate of 854 
different lithofacies types: (a) A relationship betw en grain sorting of sandstones and 855 
compaction; and (b) The cross-plot of D50 and So in different lithofacies types, statistics on 856 
average values of D50 and So. So-grain sorting coeffi ient, Crate-compaction rate, and 857 
D50-median grain size. N-total number of samples. The data of cross-plot of So-Crate obtained 858 
from average values of So and Crate of each lithofacies from Table 2. The data of D50 and So 859 
of different lithofacies (i.e., average values of D50 and So of different lithofacies) obtained 860 
from 65 samples in Figure 11b.  861 
Figure 12 The relationship among compositional maturity, early compaction, and dissolution: 862 
(a) The relationship between compositional maturity and dissolution; and (b) The relationship 863 
between early compaction and dissolution. Crate-compaction rate, Drate-dissolution rate, 864 
Cm-compositional maturity. The data of cross-plot of Drate-Cm obtained from average values of 865 
Drate and Cm of each lithofacies from Table 2. The data of cross-plot of Drate-Crate obtained 866 
from average values of Drate and Crate of each lithofacies from Table 2.  867 
Figure 13 The quartz-quartz / (feldspar + rock fragments) cross-plot chart of different 868 
lithofacies. Note: N- total number of samples. The compositional maturity of sandstones is 869 
reflected by the content of quartz and siliciclast (Taylor et al., 2010).  870 
Figure 14 The diagrams show the relationship among the coeffi ient of skewness, mean 871 
coefficient, and median pore-throat radius, and thestatistics of the physical property 872 
difference of each original lithofacies in different lithofacies assemblies: (a) The cross-plot of 873 
porosity and permeability of massive bedded medium-grained sandstones in the assembly of 874 
massive bedded lithofacies + tabular cross bedded lithofacies and the assembly of massive 875 
bedded lithofacies + parallel bedded lithofacies, rpectively; (b) The cross-plot of porosity 876 
and permeability of tabular cross bedded medium-grained sandstones in the assembly of 877 
massive bedded lithofacies + tabular cross bedded lithofacies and the assembly of tabular 878 
cross bedded lithofacies + parallel bedded lithofacies, respectively; (c) The cross-plot of 879 
porosity and permeability of parallel bedded medium-grained sandstones in the assembly of 880 
massive bedded lithofacies + parallel bedded lithofacies and the assembly of tabular cross 881 
bedded lithofacies + parallel bedded lithofacies, rpectively; (d) The cross-plot of porosity 882 
and permeability of massive bedded fine-grained sand to es in the assembly of massive 883 
bedded lithofacies + tabular cross bedded lithofacies and the assembly of massive bedded 884 
lithofacies + parallel bedded lithofacies + horizontal bedded lithofacies, respectively; (e) The 885 
cross-plot of porosity and permeability of parallel bedded fine-grained sandstones in the 886 
assembly of massive bedded lithofacies + parallel bedded lithofacies, the assembly of tabular 887 
cross bedded lithofacies + parallel bedded lithofacies, and the assembly of massive bedded 888 
lithofacies + parallel bedded lithofacies + horizontal bedded lithofacies, respectively; and (f) 889 
The cross-plot chart of coefficient of skewness andmedian pore-throat radius of the assembly 890 
of massive bedded lithofacies + tabular cross bedded lithofacies and the assembly of tabular 891 
cross bedded lithofacies + parallel bedded lithofacies. Note: N-total number of samples. 892 
Figure 15 The diagrams show the relationship among the dissolution, compaction, grain 893 
sorting, and compositional maturity of sandstones in different lithofacies assemblies: (a) The 894 
Drate-So cross-plot chart of massive bedded lithofacies in the assembly of massive bedded 895 
lithofacies + tabular bedded lithofacies, the assembly of massive bedded lithofacies + parallel 896 
bedded lithofacies, and the assembly of massive bedded lithofacies + parallel bedded 897 
lithofacies + horizontal bedded lithofacies, respectiv ly; (b) The quartz-quartz / (feldspar + 898 
rock fragments) cross-plot chart of tabular cross bedded lithofacies in the assembly of 899 
massive bedded lithofacies + tabular cross bedded lithofacies and the assembly of tabular 900 
cross bedded lithofacies + parallel bedded lithofacies, respectively; and (c) The Crate of 901 
different lithofacies assembly types. Drate-dissolution rate, So-grain sorting coefficient, 902 
Crate-compaction rate. N-total number of samples.  903 
Figure 16 The schematic diagram shows the differential diagenesis controls on the physical 904 
properties of lithofacies in sandstone reservoirs. 905 
Table 1(a)  The testing information of samples from the Jurassic Shaximiao Formation of the eastern slope in western Sichuan depression 
Type of 
experiment 
Physical properties Thin section identification data Mercury injection 
Porosity Permeability Grain size 
Components (quartz 
/ feldspar / rock 
fragments) 
Photos 
(pore structure) 
Pore diameter 
Median 
pore-throat radius 
Capillary 
pressure curve 
M 26 23 10 10 5 4 13 7 
N 82 73 65 80 / 42 88 8 
Note: The sign of “/”means that there is no measured data in these wells. M-total number of individual wells; N-total number of real analyzed samples.  
Table 1(b)  The sampling depth of physical property measurement from the Jurassic Shaximiao Formation of the eastern slope in western Sichuan depression 
Well G1 G2 G3 G4 G5 G6 G7 G8 
Porosity 
3174.35-3177.78, 
3170.9-3175.26 
2580.52-2583.34, 
2583.16-2588.09, 
2716.15-2718.48, 
2719.7-2724.49, 
3036.61-3040.93, 
3040.73-3044.41 
2814.47-2819.43 2397.76-2401.5 
2291.85-2298.78, 
2586.54-2593.37 
2359.74-2363.17, 
2365.53-2368.8 
2895.53-2899.95, 
2899.05-2899.48 
2834.53-2842.18, 
2871.8-2873.67 
Permeability 
3174.35-3177.78, 
3170.9-3175.26 
2580.52-2583.34, 
2583.16-2588.09, 
2716.15-2718.48, 
2719.7-2724.49, 
3036.61-3040.93, 
3040.73-3044.41 
2814.47-2819.43 2397.76-2401.5 
2291.85-2298.78, 
2586.54-2593.37 
2359.74-2363.17, 
2365.53-2368.8 
2895.53-2899.95, 
2899.05-2899.48 
2834.53-2842.18, 
2871.8-2873.67 
Note: The sign of “/”means that there is no measured data in these wells. The unit of the sampling depth is “meter”.
Table 1(b) Continued 
Well G9 G11 G12 G13 G14 J1 J2 J3 
Porosity 
2847.5-2851.9, 
2912.3-2918.1 
2767.32-2775.07 2819-2824 
2757.17-2762.31, 
3188.94-3196.75 
2261.58-2268.08, 
2608.07-2613.04 
2667.27-2673.68, 
2673.68-2674.86 
2249.94-2252.35, 
2328.98-2329.48, 
2335.04-2338.43 
2177.61-2186.56，
2394.35-2395.83， 
2469.96-2475.08 
Permeability / 2767.32-2775.07 / 
2757.17-2762.31, 
3188.94-3196.75 
2261.58-2268.08, 
2608.07-2613.04 
2667.27-2673.68, 
2673.68-2674.86 
2249.94-2252.35, 
2328.98-2329.48, 
2335.04-2338.43 
2177.61-2186.56，
2394.35-2395.83， 
2469.96-2475.08 
Note: The sign of “/”means that there is no measured data in these wells. The unit of the sampling depth is “meter”.
Table 1(b) Continued 
Well J4 J6 J7 J8 J9 J10 J11 J12 J13 J14 
Porosity 
1955.2-1972.2, 
2385.49-2394.6 
2293.04-2309.51 
2141.11- 
2141.86, 
2326.81- 
2342.07 
2045.7- 
2048.66 
1969- 
1972.76, 
1973.03- 
1979.17, 
1979.47- 
1985.88 
1982.79- 
1997.48 
2644.29- 
2659.99, 
2656.57- 
2659.99 
2661.75- 
2667.67 
2161.84- 
2164.56 
2590.9-2598.7, 
2598.95-2603.73, 
2603.73-2608.68, 
2608.68-2613.52 
Permeability 
1955.2-1972.2, 
2385.49-2394.6 
2293.04-2309.51 
2141.11- 
2141.86, 
2326.81- 
2342.07 
2045.7- 
2048.66 
1969- 
1972.76, 
1973.03- 
1979.17, 
1979.47- 
1985.88 
1982.79- 
1997.48 
2644.29- 
2659.99, 
2656.57- 
2659.99 
/ 
2161.84- 
2164.56 
2590.9-2598.7, 
2598.95-2603.73, 
2603.73-2608.68, 
2608.68-2613.52 
Note: The sign of “/”means that there is no measured data in these wells. The unit of the sampling depth is “meter”.
Table 1(c)  The sampling depth of grain size and components measurement from the Jurassic Shaximiao Formation of the eastern slope in western Sichuan 
depression 
Well G1 G2 G3 G4 G8 G11 G12 J1 J12 J14 
Grain size 
3170.9-3175.26, 
3174.35-3177.78 
2582.4- 
2583.34, 
3036.61- 
3040.93, 
3040.73- 
3044.41 
2814.47- 
2819.43 
2397.76- 
2401.5 
2834.53- 
2842.18, 
2871.8- 
2873.67 
2767.32- 
2775.07 
2819- 
2824 
2667.27- 
2673.68, 
2673.68- 
2674.86 
2661.75- 
2667.67 
2590.9-2598.7 
Components 
(quartz / 
feldspar / rock 
fragments) 
3170.9-3175.26, 
3174.35-3177.78 
2582.4- 
2583.34, 
3036.61- 
3040.93, 
3040.73- 
3044.41 
2814.47- 
2819.43 
2397.76- 
2401.5 
2834.53- 
2842.18, 
2871.8- 
2873.67 
2767.32- 
2775.07 
2819- 
2824 
2667.27- 
2673.68, 
2673.68- 
2674.86 
2661.75- 
2667.67 
2590.9-2598.7 
Note: The unit of the sampling depth is “meter”. 
Table 1(d)  The sampling depth of photos of pore structure observation and pore diameter measurement from the Jurassic Shaximiao Formation of the eastern slope 
in western Sichuan depression 
Well G1 G9 G11 J11 J14 
Photos (pore structure) 3170.9-3170.93 2848.35-2848.3  2768.17 2649.64, 2656.77 
2595.745, 2606.585, 
2608.935 
Pore diameter / 
2848.35-2851.82, 2913.27-2913.3, 
2915.16-2915.19 
2767.53-2775.07 
2644.06-2649.64, 
2656.77-2659.79 
2592.745-2598.715, 
2608.935 
Note: The sign of “/”means that there is no measured data in these wells. The unit of the sampling depth is “meter”. 
Table 1(e)  The sampling depth of photos of median pore-throat radius and capillary pressure curve measurement from the Jurassic Shaximiao Formation of the 
eastern slope in western Sichuan depression 
Well G3 G7 G11 G14 J1 J2 J4 J7 J9 J10 J11 J13 J14 
Median 
pore-throat radius 
2818.2- 
2814.47 
2895.33-
2898.22 
2767.78-
2774.9 
2261.58-
2268.08 
2667.1- 
2673.68 
2249.5- 
2251.63 
1956.9- 
1967.45 
2141.86 
1979.66-
1985.65 
1982.79-
1997.48 
2645.41-
2659.24 
2162.28- 
2163.83 
2593.36- 
2598.11, 
2609.84- 
2609.87 
Capillary pressure 
curve 
2818.2 / 2770.97 / 2673.68 2250.42 / 2141.86 / / 
2658.77-
2658.80, 
2659.21-
2659.24 
/ 
2593.36- 
2593.39 
Note: The sign of “/”means that there is no measured data in these wells. The unit of the sampling depth is “meter”.  
 
 
 
 
 
 
 
 
 
 
 
 
Table 2  Statistics on the grain sorting coefficient, compsitional maturity, primary porosity, compaction rate, dissolution rate, the volume of primary pores, and the 
volume of dissolved pores of different lithofacies 
Lithofacies 
Grain sorting 
coefficient 
(
~
	
	
) 
Compositional 
maturity A 
(
~
	
	
) 
Compositional 
maturity B 
(
~
	
	
) 
Φ0 
(
~
	
	
) V i Vm Vc Crate Drate 
The 
volume 
of 
primary 
pores 
The 
volume 
of 
dissolved 
pores 
Smm 
1.47~1.56
1.51
 0.58~1.74
1.18
 
0.59~1.86
1.23
 
35.59%~36.49%
36.08%
 6.00% 1.00% 3.00% 72.28% 16.63% 26.67% 6.00% 
Smf 
1.45~1.7
1.53
 
34.38%~36.70%
35.88%
 3.00% 2.00% 5.00% 72.13% 8.36% 26.59% 3.00% 
Sltm 
1.45~1.67
1.58
 0.54~1.52
0.90
 
0.56~1.56
0.94
 
34.62%~36.70%
35.40%
 4.00% 1.00% 4.00% 74.58% 11.30% 26.05% 4.00% 
Sltf 
1.47~1.84
1.59
 
33.36%~36.49%
35.31%
 3.00% 2.00% 3.00% 77.34% 8.50% 25.67% 3.00% 
Sstm 
1.47~1.71
1.6
 0.61~1.14
0.77
 
0.61~1.44
0.94
 
34.30%~36.49%
35.31%
 3.00% 3.00% 1.00% 80.18% 8.50% 25.31% 3.00% 
Sstf 
1.45~1.71
1.63
 
34.30%~36.70%
35.31%
 3.00% 2.00% 1.00% 83.01% 8.50% 24.96% 3.00% 
Spm 
1.63~1.67
1.65
 0.42~1.28
0.68
 
0.43~1.33
0.82
 
34.62%~34.96%
34.79%
 2.00% 1.00% 3.00% 82.75% 5.75% 24.77% 2.00% 
Spf 
1.63~1.84
1.67
 
33.36%~34.96%
34.62%
 2.00% 2.00% 2.00% 82.67% 5.78% 24.71% 2.00% 
Shf 
1.7~1.83
1.72
 
0.42~0.74
0.51
 
0.43~0.75
0.52
 
33.42%~34.38%
34.22%
 2.00% 2.00% 0.00% 88.31% 5.84% 23.88% 2.00% 
Note: ∅- primary porosity; -the volume of intergranular pores (average vaules); -the volume of cements (average values); -the volume of matrix (average 
values); 
	-compaction rate (average values);  
	-dissolution rate (average values). The volume of primary pores and the volume of dissolved pores-average 
values. Sltm-large tabular cross bedded medium-grained sandstone; Sstm-small tabular cross bedded medium-grained sandstone; Sltf-large tabular cross bedded 
fine-grained sandstone; Sstf-small tabular cross bedded fine-grained sandstone; Smm-massive bedded medium-grained sandstone; Smf-massive bedded fine-grained 
sandstone; Spm-parallel bedded medium-grained sandstone; Spf-parallel bedded fine-grained sandstone; Shf-horizontal bedding fine-grained sandstone. The data of 
compositional maturity A were calculated after the unstable minerals affected by the weathering previous the beginning of transport, and the data of compositional 
maturity B were calculated after later burial diagenesis.   
 
Figure 1 The location of the eastern slope of western Sichuan depression and the stratigraphic column of the Jurassic Shaximiao Formation (Liu et al., 2018): (a) The 
location of the western Sichuan depression in Sichuan Basin; (b) The map shows that six tectonic zones of the western Sichuan depression and tectonic subzones 
developed in the study area; (c) The locations of 28 cored wells; and (d) The stratigraphic column of the Jurassic Shaximiao Formation in the study area. The Upper 
Shaximiao Formation is divided into Js1 and Js2, and the Lower Shaximiao Formation is named by Js3.There are straight channels and sinuous channels with the 
dispersing sandbodies developing in the study area s shown in Figure1c, and the channels shown in this figure developed in Js1
4 sand group and Js3
3-2 sand group of  
the study area. 
 
Figure 2 Photos of sandstones with different sedimentary bedding: (a) Well J12, depth: 2665.55-2665.85m, 
massive bedding; (b) Well G14, depth: 2818.24-2818.56m, tabular cross bedding; (c) Well G11, depth: 
2773.22-2773.62m, parallel bedding; and (d) Well G2, depth: 2582.68-2582.83, horizontal bedding.  
  
  
Figure 3 The Cross-plot of the applied mercury pressure versus the incremental mercury saturation 
indicating capillary injection curves of different li hofacies: (a) Capillary injection curves of massive 
bedded sandstones; (b) Capillary injection curves of large tabular cross bedded sandstones; (c) Capillary 
injection curves of small tabular cross bedded sandto es; and (d) Capillary injection curves of parallel 
bedded sandstones and horizontal bedded sandstones. P-applied mercury pressure; S-incremental mercury 
saturation; N-total number of samples. The data of capillary injection curves of different lithofacies 
obtained from 8 samples of 7 cored wells in total.
  
  
Figure 4 Statistics on the pore diameter of different lithofacies types and r50-Sp cross-plots of the different 
grain size of sandstones with the same bedding: (a) Statistics on the pore diameter of different lithofacies; 
(b)-(d) r50-Sp cross-plots of different grain size of sandstones with the same bedding, (b) Large/small 
tabular cross bedded sandstones, (c) Massive bedded sandstones, and (d) Parallel bedded sandstones and 
horizontal bedded sandstones. r50-median pore-throat radius. Sp-pore sorting coefficient. The red circle 
refers to the medium-grained lithofacies, and the yellow circle refers to the fine-grained lithofacies. N-total 
number of samples. The data of pore diameter of different lithofacies (i.e., max, min, and average values of 
pore diameter of each lithofacies) obtained from 42 samples in Figure 4a. 
  
Figure 5 Thin section photos show pore structure of different lithofacies types: (a) Well J14, depth: 
2606.585m, massive bedded medium-grained sandstone, tal number of pores-708; (b) Well J11, 
2656.77m, large tabular cross bedded medium-grained san stone, total number of pores-783; (c) Well J14,
2595.745m, small tabular cross bedded medium-grained sandstone, total number of pores-532; (d) Well 
G11, 2768.17m, parallel bedded medium-grained sandsto e, total number of pores-231; (e) Well J14, 
2608.935m, massive bedded fine-grained sandstone, total number of pores-362; (f) Well G9, 
2848.35-2848.38m, large tabular cross bedded fine-grained sandstone, total number of pores-95; (g) Well
J11, 2649.64m, small tabular cross bedded fine-grained sandstone, total number of pores-306; and (h) Well 
G1, 3170.9 -3170.93m, parallel bedded fine-grained sandstone, no pores. (i) Well J11, 2654.16mm, tabular 
cross bedded medium-grained sandstone in the lithofacies assembly with massive bedded lithofacies, total
number of pores-609, the pore type is composed of intergranular pores, good pore connectivity can be seen 
in this figure; (j) Well J11, 2654.99 mm, tabular cross bedded medium-grained sandstone in the lithofacies 
assembly with parallel bedded lithofacies, total number of pores-604, the pore type is composed of 
intergranular dissolved pores, poor pore connectivity can be seen in this figure; (k) Well J14, 2608.065 mm, 
parallel bedded fine-grained sandstone in the assembly of massive bedded lithofacies + parallel bedded 
lithofacies, total number of pores-294, the pore type is composed of intergranular dissolved pores and 
intergranular dissolved pores, poor pore connectivity can be seen in this figure; (l) Well J14, 2608.485 mm, 
parallel bedded fine-grained sandstone in the assembly of massive bedded lithofacies + parallel bedded 
lithofacies +horizontal bedded lithofacies, a few of p res and poor pore connectivity can be seen in this 
figure. Red arrow refers to the intergranular pores, intergranul r dissolved pores, and intragranular 
dissolved pores. The total number of pores obtained from the point counting of the digital images of thin 
sections with the software Jmicrovision.  
 
 
 
 
 
  
Figure 6 Statistics on physical properties of different lithofacies types: (a) The max porosity, min porosity, 
and average porosity of nine types of lithofacies; and (b) The max permeability, min permeability, and 
average permeability of nine types of lithofacies. N-total number of samples. The data of porosity of 
different lithofaices (i.e., max, min, and average values of porosity of each lithofacies) obtained from 82 
samples in Figure 6a. The data of permeability of different lithofacies (i.e., max, min, and average values of 
permeability of each lithofacies) obtained from 73 samples in Figure 6b. 
  
  
  
Figure 7 Statistics on physical properties of different lithofacies types within medium-grained sandstones 
and fine-grained sandstones and statistics on physical properties of sandstones with different grain size and 
the same bedding: (a)-(b) Statistics on physical prope ties of different lithofacies types within 
medium-grained sandstones and fine-grained sandstones, (a) Medium-grained sandstones, (b) Fine-grained 
sandstones; (c)-(f) Statistics on physical properties of sandstones with different grain size and the same 
bedding, (c) Large tabular cross bedding, (d) Small tabular cross bedding, (e) Massive bedding, (f) Parallel 
bedding and horizontal bedding. N-total number of samples.
 
Figure 8 The schematic diagram of a relationship among energy of sedimentary environment, bedform, and 
bedding (Harms and Fahnestoek, 1965; Simons et al., 1965)
 
Figure 9 The relationship between channel sinuosity and slope (Kneller, 2003) 
Note: β-The angle of slope, β1>β2. 
 
Figure 10 The schematic diagram of a relationship between energy of sedimentary environment and grain 
size: (a) A relationship between grain size and current velocity during the deposition, transportation, a d 
erosion; (b) A relationship between grain size and current velocity; (c) Well J14, the cumulative percentage 
curve of grain size of sandstones; (d) Well J14, the logging column; (e) Well G2, the cumulative percentage 
curve of grain size of sandstones; and (f) Well G2,the logging column. 
  
Figure 11 The relationship between grain sorting coefficient a d D50, compaction rate of different 
lithofacies types: (a) A relationship between grain sorting of sandstones and compaction; and (b) The 
cross-plot of D50 and So in different lithofacies types, statistics on average values of D50 and So. So-grain 
sorting coefficient, Crate-compaction rate, and D50-median grain size. N-total number of samples. The data 
of cross-plot of So-Crate obtained from average values of So and Crate of each lithofacies from Table 2. The 
data of D50 and So of different lithofacies (i.e., average values of D50 and So of different lithofacies) 
obtained from 65 samples in Figure 11b. 
  
Figure 12 The relationship among compositional maturity, early compaction, and dissolution: (a) The 
relationship between compositional maturity and dissolution; and (b)The relationship between early 
compaction and dissolution. Crate-compaction rate, Drate-dissolution rate, Cm-compositional maturity. The 
data of cross-plot of Drate -Cm obtained from average values of Drate and Cm of each lithofacies from Table 2. 
The data of cross-plot of Drate –Crate obtained from average values of Drate and Crate of each lithofacies from 
Table 2.      
 
Figure 13 The quartz-quartz / (feldspar + rock fragments) cross-plot chart of different lithofacies  
Note: N- total number of samples. The compositional m turity of sandstones is reflected by the content of 
quartz and siliciclast (Taylor et al., 2010).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
  
  
  
Figure 14 The diagrams show the relationship among the coeffici nt of skewness, mean coefficient, and 
median pore-throat radius, and the statistics of the p ysical property difference of each original lithofacies 
in different lithofacies assemblies: (a) The cross-plot of porosity and permeability of massive bedded 
medium-grained sandstones in the assembly of massive bedded lithofacies + tabular cross bedded 
lithofacies and the assembly of massive bedded lithofacies + parallel bedded lithofacies, respectively; (b) 
The cross-plot of porosity and permeability of tabul r cross bedded medium-grained sandstones in the 
assembly of massive bedded lithofacies + tabular cross bedded lithofacies and the assembly of tabular cross 
bedded lithofacies + parallel bedded lithofacies, respectively; (c) The cross-plot of porosity and 
permeability of parallel bedded medium-grained sandtones in the assembly of massive bedded lithofacies 
+ parallel bedded lithofacies and the assembly of tabular cross bedded lithofacies + parallel bedded 
lithofacies, respectively; (d) The cross-plot of porosity and permeability of massive bedded fine-grained 
sandstones in the assembly of massive bedded lithofacies + tabular cross bedded lithofacies and the 
assembly of massive bedded lithofacies + parallel bedded lithofacies + horizontal bedded lithofacies, 
respectively; (e) The cross-plot of porosity and permeability of parallel bedded fine-grained sandstones in 
the assembly of massive bedded lithofacies + parallel bedded lithofacies, the assembly of tabular cross 
bedded lithofacies + parallel bedded lithofacies, and the assembly of massive bedded lithofacies + parallel 
bedded lithofacies + horizontal bedded lithofacies, r pectively; and (f) The cross-plot chart of coefficient 
of skewness and median pore-throat radius of the ass mbly of massive bedded lithofacies + tabular cross 
bedded lithofacies and the assembly of tabular cross bedded lithofacies + parallel bedded lithofacies. Note: 
N-total number of samples. 
  
 
 
Figure 15 The diagrams show the relationship among the dissolution, compaction, grain sorting, and 
compositional maturity of sandstones in different lithofacies assemblies: (a) The Drate-So cross-plot chart of 
massive bedded lithofacies in the assembly of massive bedded lithofacies + tabular bedded lithofacies, the 
assembly of massive bedded lithofacies + parallel bedded lithofacies, and the assembly of massive bedded 
lithofacies + parallel bedded lithofacies + horizontal bedded lithofacies, respectively; (b) The quartz-quartz 
/ (feldspar + rock fragments) cross-plot chart of tabular cross bedded lithofacies in the assembly of massive 
bedded lithofacies + tabular cross bedded lithofacies and the assembly of tabular cross bedded lithofacies + 
parallel bedded lithofacies, respectively; and (c) The Crate of different lithofacies assembly types. 
Drate-dissolution rate, So-grain sorting coefficient, Crate-compaction rate. N-total number of samples. 
 
Figure 16 The schematic diagram shows the differential diagenesis controls on the physical properties of 
lithofacies in sandstone reservoirs  
 
 
 
 
 
 
 
 
1. The physical properties of the assembly of massive bedded and tabular cross 
bedded lithofacies are better than that of the lithofacies assemblies containing parallel 
bedded lithofacies or horizontal bedded lithofacies.  
 
2. The formation of lithofacies with different physical properties is controlled by the 
energy of sedimentary environment, mechanical differentiation, and differential 
diagenesis of lithofacies assemblies.  
 
3. The direction of bedding can influence the degree of dissolution, and the 
development of parallel bedded lithofacies is beneficial for the dissolution rate of 
sandstones. 
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